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Most modern versions of this Neurodevelopmental 
Hypothesis1,2	propose	2	particularly	critical	periods	
of brain development: a perinatal period where 
vulnerability is established and a later childhood, 
adolescent, or early adult period where vulnerability 
becomes symptomatology. Brain changes that occur 
during	the	perinatal	period	are	not	deterministic	in	
that the majority of children at risk will never devel-
op a chronic psychiatric disorder. In a similar fashion, 
genetic	and	environmental	factors	that	influence	the	
adolescent or young adult emergence of psychiat-




ages: during pregnancy, infancy, and preschool 
years.	To	this	effect,	the	National	Institute	of	Mental	
Health has called for an increase in research focus-
ing on the developmental aspects of psychiatric 
disease	as	1	of	4	main	strategic	objectives	(Strategic	
Objective	#2,	NIMH).3 There have been increasing 
questions	surrounding	how	to	approach	the	study	of	
psychopathology in general. Many psychiatric symp-
toms appear clinically similar across a wide range of 
diagnoses.	For	example,	active	psychosis	in	some-









cales. Again using psychosis as an example, despite a 
significant	effort	to	identify	specific	genetic	markers,	
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similar	risk	across	multiple	disorders.4 Thus, the NIMH 
has also called for the development of a new way of 

















These tasks could prove ideal for studying develop-
mental trajectories and early symptomatology. How-







tasks. This manuscript reviews infant and preschool 
versions	of	adult	measures	of	cognitive	inhibition,	
highlights what has been shown through them thus 
far,	and	examines	potential	future	areas	of	research.	
We plan to illustrate that tasks have been associated 
with risk of later disease onset, have developmentally 







2014. Each search was limited to studies of “all chil-
dren	(ages	0-18	years).“	The	reference	lists	of	each	
article	were	further	examined	to	include	studies	not	
listed in above databases. A more limited search was  
 







cue, and then is instructed to move his eyes to the 
mirror image of that cue while his eye movements 
are	recorded	(Figure	1).	Cognitive	inhibition	is	tested	
in	that	one	must	inhibit	the	more	biologically-pro-
grammed, or prepotent, response of looking at a new 




This task has been used extensively to study disor-
dered	psychiatric	populations	in	adults.	Despite	typi-
cal performance on saccadic movements to a target, 
schizophrenia	patients	have	consistently	been	found	
to	have	an	increased	error-rate	on	the	antisaccade	
task, moving their eyes to the presented visual cue 
instead	of	inhibiting	that	response	and	looking	toward	
its mirror image.6-10	Patients	with	other	psychotic	
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found	to	exhibit	an	increased	error	rate,	particularly	
during	initial	psychotic	episodes,11,12 though some 
studies	have	failed	to	show	increased	antisaccade	er-
ror rates in those with bipolar disorder.13,14 Many stud-
ies have also found an increased latency, or decreased 
speed	of	response,	in	correct	antisaccades	in	schizo-
phrenia,8,9,12,13,15	further	suggesting	increased	difficulty	












younger the child, the more slowly and inaccurately 






reading disorders, obsessive compulsive disorder, anx-
iety, depression, psychosis, and bipolar disorder.23-25 
Similar	to	the	adult	literature,	it	has	been	estimated	














words, the infant must have the choice to look at a 
stimulus,	but	inhibit	that	response	and	look	to	the	
mirror	image	of	that	stimulus	instead.	In	the	infant	












the infant’s forehead, enabling recording of head po-
sition	(along	with	eye	position)	utilizing	infrared	light	
(Figure	2).	With	these	methodological	changes,	anti-





words, infants responded to 50% of presented trials, 












Preschoolers/Infants at Risk for Psychiatric Illness
No	papers	were	found	examining	antisaccades	in	pre-




where performance, in adults, is heritable and as-
sociated	with	psychotic	illness,	and	an	adapted	task	
has been used successfully in infants. No papers were 
found	examining	antisaccades	in	preschoolers	or	
infants at higher risk of later chronic mental illness 
given	genetic	or	environmental	risk	factors.	Research-




diagnoses associated with poor performance in child-
hood. However, the infant error rate of 50% is the 
same	as	children	aged	5-8	in	the	typical	antisaccade	
task.22	In	considering	utilization	of	this	task,	it	may	
be helpful for the subject to undergo more trials to 
facilitate	a	greater	response	percentage,	particularly	
given that learned behavior is necessary to elicit an 
antisaccade	to	an	anticipated	more	appealing	target	
stimulus.	Additionally,	some	caution	must	be	taken	




Smooth Pursuit Eye Movements 
While performing smooth pursuit eye movement 
tasks,	the	participant	watches	a	monitor,	which	pres-
ents a moving visual target. The individual is instruct-
ed to keep his eyes directly on the target and follow 
movements as closely as possible while correspond-
ing eye movements are recorded. Several necessary 
component	abilities,	such	as	prediction	of	target	










Global detriments in smooth pursuit eye movement 
task	performance	was	first	observed	in	schizophrenic	
patients	in	the	early	1900’s.31 It is now one of the 
most	replicated	deficits	in	the	psychophysiological	
literature on schizophrenia.7,32 Smooth pursuit abnor-
malities	have	been	found	in	individuals	with	ultra-high	
clinical risk of developing psychosis,33 schizotypic 
features,34 bipolar symptoms and psychosis,35 bipolar 
disorder,36,37 acute mania,38	and	psychotic	symptoms	
associated with PTSD.39 
Biological	relatives	of	patients	with	schizophrenia	
have also been shown to exhibit high rates of dysfunc-
tional	smooth	pursuit	eye	movements,15,30,40-42 and 
heritability	has	been	estimated	at	between	40%	and	



















Infant and Preschool Adaptations of Inhibitory Tasks
other psychotropics, such as lithium, however, may 
adversely	affect	smooth	pursuit.48-50
With	the	consistent	finding	that	global	eye	tracking	
and smooth pursuit are impaired in schizophrenia 




ponents are most likely endophenotypes. The heri-

























vulnerability.30 However, it should be noted that not 
all	studies	have	found	differences	in	anticipatory	sac-
cade	frequency59 or indicated stability in this measure 
over	time.46
Child/Adolescent Literature 
Smooth pursuit tracking improves from the ages 
of	7-15,60 and by late adolescence, smooth pursuit 
reaches	adult	levels	of	functioning,61,62 with age 
expected to account for 20% of the variance.60 How-









in children with schizophrenia,64,65 adolescents with 





factors for schizophrenia,30 children of a schizophrenic 
parent,67 and in children who themselves have schizo-
phrenic symptoms.30	An	increase	in	anticipatory	sac-





cies of leading saccades appear to be present in 94% 
of children with schizophrenia compared to only 19% 
of typically developing children.63 
Poor performance has also been seen in parents and 
other	first-degree	relatives	of	those	with	childhood	
onset schizophrenia,63,65,68 and in teenage children 
with a schizophrenic parent.69
Preschool/Infant Adaptation














attempt	to	stabilize	gaze.76 Here also, eye tracking is 
simply harder to record given smaller facial dimen-
sions.








The ability of an infant to track also depends on the 














data from the outer canthi,71,76	enabling	dual	quantifi-
cation	of	gaze	and	smooth	pursuit.	However,	optimal	
parameters regarding target size and speed for spe-
cific	age	ranges	have	yet	to	be	elucidated.
Preschoolers/Infants at Risk for Psychiatric Illness
One report found that infants aged 6 months who 
were exposed to prenatal maternal anxiety, as 
compared to those without this risk, exhibited less 
percentage	of	time	in	smooth	pursuit,	with	more	
frequent	forward	saccadic	activity.80 No other papers 
were found examining smooth pursuit in preschoolers 
or infants at higher risk of psychiatric illness. 
Summary
Smooth Pursuit Eye Movement tasks appear ready for 
use	in	infants	and	preschoolers.	In	adults,	dysfunction	
is reliably seen in those with psychosis, those at risk 
of	psychosis,	and	in	their	biological	relatives.	This	data	
has	been	confirmed	in	adolescents	and	children	with	
psychosis as well. Component measures that may 
more clearly represent endophenotypes for schizo-
phrenia and psychosis have also been found. 
In infants, global smooth pursuit tracking measures 
have	significantly	improved	only	months	after	birth,	
and component measures may also mature prior to 
the	entire	tracking	system,	further	increasing	the	pos-
sibility that studies in younger children are plausible. 
When	examining	differences	between	those	with	psy-
chosis or its risk and controls, some have argued that 
attention	may	mediate	difference.	However,	while	
attention-enhancing	maneuvers	improve	smooth	




ing target size and speed for younger age ranges. If 
similar	age	ranges	were	utilized	between	the	2	com-


















Adapted with permission. 83 
Adult Literature
This task has been well described in adult popula-
tions	with	psychopathology.	For	example,	although	
initial	startle	reactivity	is	the	same84 compared to 
those without a known psychiatric disease, those 
with	schizophrenia	continue	to	have	a	larger	startle	
response, as measured by greater movement of 
the orbicularis oculi muscles, despite the presence 
of a prepulse.85-88	This	deficient	PPI	has	been	cor-
related	with	the	positive	and	negative	symptoms	of	
schizophrenia85 and has also been seen in those with 
schizotypal personality disorder,89 as well as in some 
studies of those with bipolar disorder.90	Deficits	in	PPI	
have been seen in individuals at risk for and currently 
experiencing	their	first	episode	of	psychosis	84,91 and 
have also been noted in those with acute mania92 as 
opposed to those with remission of bipolar symptom-
atology, where normal levels of PPI have also been 
described.93
First	degree	relatives	of	those	with	schizophrenia	and	
bipolar disorder have been found to exhibit decreased 
PPI.90,94,95 Heritability of PPI in those with schizophre-
nia	has	been	estimated	at	32%,16	suggesting	that	PPI	is	
also	a	marker	of	genetic	vulnerability	to	disease.	





more intense prepulses typically produce a larger PPI 
effect.85,96 Other subtle changes in the background 
noise,	prepulse,	and	stimulus	may	also	alter	results.85 
Further,	patient	characteristics	contribute	to	manifes-
tations	of	PPI.	Gender,97-100 smoking status,100,101 cur-
rent symptomatology,85 whether or not the individual 












bipolar disorder107 or in children at risk of anxiety.108 
PPI typically reaches adult levels somewhere between 




for children aged 3 and 5 years.111 Between early 
infancy and 5 years of age, PPI does not appear to 
regularly exceed 30%, in contrast to adult levels of 
between 50% and 75%113; some studies have shown 
nonsignificant	PPI	in	toddlers,114 while others have 
suggested that longer prepulse intervals are necessary 
to elicit PPI in preschoolers and infants.115 Baseline 




of PPI117 or PPI may not have been noted at all118 in 












greater than those typically seen in adult studies, usu-
ally	around	5%-10%.120
Alternatives	to	the	adult-standard	measurement	of	




to measure PPI in infants and accurately measure la-









Preschoolers/Infants at Risk for Psychiatric Illness
No studies were found examining PPI in infants or 






























system to respond in a diminished way to the second 
testing	stimulus	(Figure	5).
66












healthy adults, with a vast majority of the popula-
tion	showing	measurable	response	suppression	to	




impairment has also been seen in some individuals at 




bipolar type,135 and in those with bipolar disorder 
with a history of psychosis.129,135,136
Unaffected	first-degree	relatives	of	those	with	schizo-





approximately halfway between schizophrenia pro-
bands and controls, which would be predicted given 
their	estimation	of	sharing	approximately	50%	of	any	
abnormal genes related to schizophrenia.138 Other fac-
tors such as clinical symptoms,129,135,138	antipsychotic	
use,129,131,133,135,138	and	illness	duration131 appear to be 
less important, though some studies have indicated 
P50 suppression may be opposed by a subset of 
second	generation	antipsychotic	medications,	particu-
larly clozapine126,140,141 or worsened by increased acute 
symptomatology.142,143 Smoking has been shown to 
acutely and transiently normalize P50 suppression in 








as during REM sleep noradrenergic neurons central 
to	stress	and	arousal	are	inactive.149	Utilizing	REM,	
it is possible that decreased stability of P50 record-
ings	over	time	previously	seen150 may be improved by 
decreasing state associated variability.145 
Child/Adolescent Literature
The child literature regarding P50 is somewhat in-
consistent	with	some	reports	finding	maturation	of	
the P50 response by approximately 8 to 10 years of 
age151,152	and	others	indicating	maturation	through	the	
end of adolescence.153 It has been suggested that vari-
ability	may	be	related	to	changing	state-dependent	




impairment	in	P50	sensory	gating,154 as have younger 
children	ages	5-10	with	identified	sensory	processing	






schoolers is state dependency. As previously noted, 
P50	sensory	gating	can	be	affected	by	acute	stress.	As	
many	infants	often	become	stressed	or	upset	when	
subjected to new surroundings or to having elec-









by increasing state change that may further, as noted 
above in adults, decrease the reliability of recordings 
over	time.





sleep, a state in which most infants already spend a 
majority	of	their	time,	one	is	able	to	bypass	move-












Preschoolers/Infants at Risk for Psychiatric Illness
P50	sensory	gating	during	active	sleep	has	been	used	
to examine infants of mothers with anxiety as com-
pared to infants whose mothers did not have psychi-
atric comorbidity, yielding that infants whose mothers 
experienced	anxiety	had	poorer	P50	sensory	gating,	
an	effect	mitigated	by	anti-depressant	use.160 Infants 
at higher risk for schizophrenia secondary to having 
parents	with	psychosis,	compared	to	non-smoking	




















be that similar data review in other tasks will lead to 
unification	of	apparent	discrepancies	thus	far	seen	in	
younger age groups. 
The	findings	that	state	associated	features	may	be	
reduced by recording during REM sleep makes this 
task	particularly	attractive	for	use	in	infants.	As	such,	
it has been successfully used in infants of mothers 
with mood and anxiety disorders and infants of par-
ents with psychosis. It is clear that infant research is 
possible.	It	would	be	interesting	to	continue	to	extend	
these	findings	to	older	age	groups	and	to	follow	the	




problems at age 3.3 years as measured by the child 
behavior checklist.163 
Discussion
Most neuropsychiatric disorders are presumed to 






vulnerability and, in some individuals with already 
vulnerable	brains,	further	abnormalities	in	adolescent	
brain development result in conversion from vulner-




mental windows, abnormal development during the 




development never occurs.164-170	Another way of say-







across a breadth of disorders. The malleability of the 





Infant and Preschool Adaptations of Inhibitory Tasks
Another	related	potential	risk	of	early	developmental	
biomarkers is the risk that what appears to be the 
same	measure	(eg	disruption	of	smooth	pursuit)	at	
different	ages	may	not	reflect	the	same	neurobiology.	





an increase in research focusing on the developmen-
tal aspects of biological markers, and this review high-
lights	the	relative	lack	of	research	in	this	area.	Several	
psychophysiological tasks are, in older children and 
adolescents, associated with an increased risk of 
later onset illness, and some of the tasks appear to 











schoolers means more variability, and with more 
variability	(and	frequently	lower	or	smaller	responses	
and	rates),	an	increased	capacity	to	detect	differences	
must be present. Before undertaking this task, one 
would	first	want	to	ensure	that	deficits	are	present,	
have been associated with risk of later onset disease, 










schoolers and infants. In several of the tasks described 
above, we believe that this is the case.
Historically,	investigators	have	also	been	hesitant	to	
perform research on infants and young children be-
cause	of	lack	of	specificity	regarding	disease	outcome.	
The NIMH’s proposal for novel ways to approach psy-
chiatric disease diminishes these concerns. 
If we are to decrease morbidity and mortality associ-
ated with risk factors for psychiatric disease and begin 
to	consider	primary	prevention	of	psychiatric	illness,	
research in younger age groups including infants and 
preschoolers	is	of	paramount	importance.	Utilizing	
adaptations	of	traditional	adult	tasks,	this	research	is	
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